Two mutations of IMPDH1 (inosine 5 -monophosphate dehydrogenase type I), R224P and D226N, have recently been found to cause adRP (autosomal dominant retinitis pigmentosa). IMPDH1 catalyses the rate-limiting step in guanine nucleotide biosynthesis and also binds single-stranded nucleic acids. In the present paper, we report the biochemical characterization of the adRP-linked mutations, R224P and D226N, and a potentially pathogenic mutation, V268I. The adRP-linked mutations have no effect on enzyme activity, protein stability or protein aggregation. These results suggest strongly that the mutations do not affect enzyme activity in vivo and thus do not perturb the guanine nucleotide pool. The R224P mutation changes the distribution of enzyme between the nucleus and cytoplasm. This effect was not observed with the D226N mutation, so the relevance of this observation to disease is unclear. In contrast, both mutations decrease the affinity of nucleic acid binding and both fail to co-immunoprecipitate RNA. These observations suggest that nucleic acid binding provides a functional assay for adRP pathogenicity. The putative adRP-linked mutation V268I also disrupts nucleic acid binding, which suggests that this mutation is indeed pathogenic.
INTRODUCTION
RP (retinitis pigmentosa) is an inherited retinal degeneration that affects more than 1.5 million people worldwide [1] . The disease is characterized by an early onset of night blindness, followed by a progressive loss of the visual field which can lead to blindness [2] . RP is genetically heterogeneous and can be inherited as autosomal dominant (adRP), autosomal recessive and X-linked forms [3] . Fourteen adRP genes have been identified so far, including the gene encoding the enzyme IMPDH1 (inosine 5 -monophosphate dehydrogenase type I) (RetNet, http://www. sph.uth.tmc.edu/RetNet). Two adRP-linked mutations, R224P and D226N, have been identified in IMPDH1 [4, 5] . A third mutation, V268I, is present in a member of an adRP family, but insufficient genetic samples are available to demonstrate a correlation between the mutation and disease [5] . At present, mutations have been identified in only ∼ 50 % of adRP cases [6] , and it is likely that other alleles of IMPDH1 will be discovered as the search for adRP genes continues. For example, a nonpathogenic allele, A285T, was recently found in the DNA of an unaffected family member (S. J. Bowne, L. S. Sullivan and S. P. Daiger, personal communication). The challenge will be to distinguish pathogenic from non-pathogenic alleles. Since the effects of the adRP-causing mutations on IMPDH function have not been established, the only way to determine the pathogenicity of IMPDH1 mutations is by demonstrating the co-inheritance of a mutation and disease. This demonstration is often not feasible, either due to small family size, lack of records or loss of patient contact. Clearly, there is an urgent need for a functional assay to identify pathogenic IMPDH1 mutations.
AdRP results from the apoptotic loss of photoreceptors, although how mutations of IMPDH1 induce apoptosis is not understood. IMPDH catalyses the rate-limiting step in the de novo pathway of guanine nucleotide biosynthesis and thus controls the size of the guanine nucleotide pool with important consequences for proliferation. As IMPDH inhibitors can induce differentiation and apoptosis, they are used as antitumour, immunosuppressive and antiviral therapies [7] [8] [9] . IMPDH also binds singlestranded nucleic acids, although the physiological role of this activity has not been identified [10, 11] .
In humans, distinct genes encode the IMPDH1 and IMPDH2 isoforms, with expression regulated according to cell type [12, 13] . Although IMPDH1 is the predominant isoform in the murine retina, homozygous deletion of IMPDH1 in mice causes only a mild retinopathy [14] . This observation suggests that adRP does not result from the loss of IMPDH1 protein. In addition, the adRPlinked mutations are not in proximity to intron-exon junctions of precursor mRNA and therefore would not be predicted to result in alternative splicing. Instead, the adRP-linked mutations must alter some function of IMPDH1.
The sequence conservation at sites of the adRP-linked mutations supports this hypothesis. Asp 226 is completely conserved among IMPDHs and Arg 224 is conserved among eukaryotic enzymes, indicating an important role for these residues in protein function. In contrast, Ala 285 is variable, which suggests that there are few functional constraints on this residue and this is consistent with the non-pathogenic consequences of mutation at this position. Val 268 is less conserved than the adRP-linked positions, but is only replaced with alanine or leucine, which implies that there may also be a functional constraint on the replacement of this residue. Therefore the conservation of Val 268 does little to resolve the question of whether the V268I mutation is truly pathogenic. This problem can be expected to extend to additional mutations of IMPDH1.
IMPDH is a homotetramer; each monomer consists of a catalytic domain containing the active site and a subdomain of and Asp 226 , the residues where mutations cause adRP, are shown in red. Val 268 , the residue linked to a potentially disease causing mutation, is shown in green. Ala 285 , the residue linked to a non-pathogenic mutation, is shown in orange. Note that some portions of the subdomain are disordered in the crystal structure. (B) Oligomerization of wild-type and mutant IMPDH1 analysed by gel filtration. Recombinant IMPDH1 was applied to a Superose 6HR column, eluted with 10 mM Tris/HCl, pH 8, 100 mM KCl and 0.5 mM DTT at a flow rate of 0.4 ml/min at 4 • C. The chromatograms show the elution of wild-type (wt) IMPDH1 (blue), A285T (cyan), R224P (green), D226N (red) and V268I (purple), and molecular-mass standards of 670, 450, 240 and 45 kDa (black). A tetramer of IMPDH1 has a molecular mass of 220 kDa. mAU, milli-absorbance units undefined function (Figure 1 ). The interface between the two domains is flexible, and different domain orientations are observed in various crystal structures [15] . The non-pathogenic mutation A285T is on the catalytic domain far from both the active site and subdomain ( Figure 1 ). The adRP-linked mutations, R224P and D226N, are located within the subdomain of IMPDH1, whereas V268I is close to the catalytic/subdomain interface. Since deletion of the subdomain does not change enzyme activity, it would be surprising if any of these mutations altered the catalytic properties of IMPDH1 [16, 17] . However, both adRP-linked mutations and V268I are well positioned to alter the structure and function of the subdomain.
The subdomain contains two tandem CBS (cystathionine β-synthase) domains. CBS domains are found in a diverse set of proteins, including ClC-chloride channels, CBS and the γ 2 subunit of AMP-activated protein kinase. Interestingly, mutations within the CBS domains of these proteins lead to a variety of other hereditary diseases [18] . Although the functions of CBS domains have not been elucidated, they are generally believed to be involved in autoregulation of enzymatic activity, channel gating and/or protein localization [19] [20] [21] . The role of the CBS domains in IMPDH is currently under active investigation. Studies in our laboratory have shown that the subdomain binds single-stranded nucleic acids [11] . Others suggest that this region contains an ATP-binding site that allosterically regulates the catalytic domain [22] . A phosphorylation site has also been identified in the subdomain of IMDPH1, although the functional consequences of this modification have not been established [23] .
We have characterized the adRP-linked mutants of IMPDH1 in vitro and in cell culture, with the aim of identifying the functional property that correlates with disease. As expected, these mutations do not affect catalytic activity, nor do they affect protein stability or expression in mammalian cells. Contrary to another report [14] , we find no evidence that these mutations induce protein aggregation. While some mutations have small effects on the cellular localization of IMPDH1, this property does not appear to correlate with disease. In contrast, the adRPlinked mutations disrupt nucleic acid binding in vitro and in vivo. Nucleic acid binding is also decreased with the potentially disease-causing mutation, V268I, suggesting that this mutation is indeed pathogenic. We propose that nucleic acid binding presents a functional assay for the adRP pathogenicity of IMPDH1 mutations, as well as the first clue to the mechanism of disease progression.
EXPERIMENTAL Plasmids and mutant construction
Human IMPDH1 was expressed in Escherichia coli using the pH1 vector (derived from pKK223-3) and site-directed mutagenesis performed with the QuikChange kit (Stratagene). The following primers and their complements were used to create the mutations R224P, D226N, V268I and A285T respectively: 5 -GCCATC-ATCGCCCCGACCGACCTGAAG-3 , 5 -GCCATCATCGCCC-GCACCAACCTGAAGAAGAATCG-3 , 5 -GCTCACCCAGG-CGGGCATTGATGTCATAGTCTTGG-3 and 5 -GTGTATCAG-ATCACCATGGTGCATTAC-3 .
To mutate the stop codon and introduce a restriction enzyme site, pH1 was PCR-amplified with the following primers: 5 -CA-GAATTCCATATGGCGGACTACC-3 and 5 -CCAAAACAGC-CAAGCTTAGGTACCCAGTACAGCCG-3 . The product was ligated into pCR4 with Zero Blunt TOPO Kit (Invitrogen) and digested with EcoRI/KpnI. Ligation into pEGFP-N1 (Clontech) resulted in pH1GFP, a C-terminal GFP (green fluorescent protein)-tagged IMPDH1 under control of the mammalian CMV (cytomegalovirus) promoter. To prevent proteolysis, two arginine residues in the IMPDH1-GFP linker region were mutated to glycine using the following primer and its complement: 5 -GTA-CTGGGTACCGGGGGCCGGGGATCCACCGGTC-3 . For bacterial expression of H1GFP, the coding sequence was cut from pH1GFP with PstI/NotI and ligated into a modified pH1 vector containing an NotI site. The subdomain was deleted from pH1GFP with 5 -GTGCGGAAGGTCAAGAAGTTTGAACA-GCGTACTGGTCAGCTGCTCTGTGGGGC-3 and its complement, resulting in a construct containing residues 1-112 and 242-514, separated by an RTG (Arg-Thr-Gly) linker. The resulting IMPDH cDNAs were sequenced at the Brandeis Sequencing Facility to confirm correct coding sequences.
Protein purification
The protein was purified using Cibacron Blue-Sepharose and IMP (inosine 5 -monophosphate)-Sepharose as described previously [24] . Gel filtration was performed with ∼ 100 µg of IMPDH1 in 50 mM Tris/HCl, pH 8.0, 0.5 mM DTT (dithiothreitol), 100 mM KCl and the appropriate protein standards on a Superose 6 HR column (Amersham Biosciences).
Enzyme activity
IMPDH activity was assayed as described previously [25] . The assay solution contained 50 mM Tris/HCl, pH 8.0, 1 mM DTT, 100 mM KCl, and various amounts of IMP and NAD + .
NADH fluorescence was monitored (λ excitation = 340 nm, λ emission = 460 nm) on a PerSeptive Biosystems Cytofluor II multiwell plate reader at 37
• C. Rates of NADH production were determined by calibration of the instrument with a standard curve of an NADH solution in assay buffer. Initial velocity data were fitted by the Michaelis-Menten equation (eqn 1) or an uncompetitive substrate inhibition equation (eqn 2) using SigmaPlot (SPSS):
where v is the initial velocity, V max is the maximal velocity, K a and K b are the Michaelis constants for IMP and NAD + respectively, and K ii is the substrate inhibition constant for NAD + . The effect of ATP on activity was assayed under conditions described previously [22] . Activity was monitored in the above assay buffer containing ATP (0.1-3.5 mM), a 5 mM excess of MgCl 2 over ATP and the reaction was initiated upon addition of NAD + . The integrity of the ATP preparation was confirmed by monitoring NADH consumption in a coupled ATPase assay using kinesin, pyruvate kinase and lactate dehydrogenase [26] .
Cell culture and transfections
HeLa or HEK-293 (human embryonic kidney) cells were cultured in Dulbecco's minimal essential medium supplemented with 10 % foetal calf serum, penicillin and streptomycin. Cells were transfected at approx. 70 % confluence using Superfect (Qiagen) according to manufacturer's instructions. For live fluorescent microscopy, cells were grown and transfected on Lab-Tek II multichamber cover glasses (Nunc).
Cellular localization
Fluorescence signal was viewed 6-30 h post-transfection using an Olympus IX70 inverted fluorescence microscope. DNA was stained with Hoechst dye (Sigma). Images were acquired in multiple focal planes ( z = 0.2-0.3 µm, 20-63 planes) with constant exposure time, deconvolved and subsequently projected in two or three dimensions using a DeltaVision microscopy system and accompanying software. The mean values for nuclear, cytoplasmic and background GFP fluorescence were quantified by projection of the pixel intensity of each cell in a histogram using the DeltaVision TM software. The ratio of nuclear to cytoplasmic fluorescence was determined by background correction and division of the mean pixel intensities of the nucleus by that of the cytoplasm. Similar results were obtained in three independent experiments. Statistical analysis was performed using a two-tailed Student's t test, assuming unequal variance, and significance is defined as P < 0.05.
For inhibition of nuclear export, HeLa cells were grown on coverslips in medium supplemented with 10 ng/ml leptomycin B (LC Laboratories), starting 8 h post-transfection. After a 2.5 h incubation, the localization of H1GFP was compared with that in untreated cells.
Filter binding
IMPDH-binding experiments with ssDNA (single-stranded DNA) were performed as described in [11] . The sequence pool of ssDNA was 5 -GGGAATGGATCCACATCTACGAATTCN 30 -TTCACTGCAGACTTGACGAAGCTT-3 , where N 30 denotes a random sequence 30 bases long. Protein and 5 -32 P-labelled ssDNA (2 nM) were mixed in 10 mM Tris/HCl, pH 8, 50 mM KCl and 1 mM DTT for 20 min at room temperature (25 • C). Proteinbound nucleic acid was separated from free by filtration on a vacuum manifold (Schleicher and Schuell) equipped with a nitro- 
cellulose membrane (to bind protein complexes) over a Hybond membrane (Amersham Biosciences) (to bind nucleic acid) and washed with 100 µl of assay buffer. The radioactivity bound to each filter was quantified by PhosphorImager (Molecular Dynamics). The fraction of nucleic acid bound to the nitrocellulose was fitted to the following equation using Sigmaplot:
where f is the fraction of nucleic acid bound, R is the maximum specific bound fraction, K s is the binding constant, and B is the fraction bound to the membrane in the absence of protein.
The effect of ATP (0.77 mM) on nucleic acid binding was examined in binding buffer containing 5.7 mM MgCl 2 .
Immunoprecipitation and digestion of nucleic acid
Nucleic acid bound to H1GFP was immunoprecipitated from HeLa cells with affinity-purified anti-GFP antibodies (Molecular Probes) as described previously [11] . Immunoprecipitates were divided into two for quantification of H1GFP by SDS/PAGE (10 % gels) and Coomassie Blue staining or quantification of nucleic acid by polynucleotide kinase labelling with [γ -32 P]-ATP. Nucleic acid was isolated by filter binding or treated with proteinase K and separated on a 6 M urea/6 % polyacrylamide gel. The incorporated radioactivity was quantified by PhosphorImager analysis. Nucleic acid radiolabel intensity was adjusted for H1GFP concentration.
RESULTS AND DISCUSSION

Catalytic activity is not changed by adRP-linked mutations
Wild-type IMPDH1, and R224P, D226N, V268I and A285T mutants were expressed in E. coli strain H712, which lacks endogenous IMPDH, and were purified to > 95 % homogeneity. The specific activities of the wild-type and mutant enzymes are similar, as observed by others [14] . Contrary to this report [14] , no difference in the solubility of mutant and wild-type proteins was observed in our experiments. Gel-filtration analysis demonstrated that the enzymes are tetrameric, indicating that the mutations do not affect oligomerization ( Figure 1B) . The steady-state kinetic properties of the wild-type enzyme are similar to those previously reported (Table 1 ) [27] . The kinetic properties of the adRP-linked mutant enzymes are similar to those of the wild-type. Taken together, these results indicate that adRP-linked mutations do not alter enzyme activity.
ATP does not regulate IMPDH1
Another laboratory group has reported that ATP induces a 5-fold increase in activity of the human type II isoform [22] . The R224P mutation abrogated this effect, which suggests that the adRPlinked mutations could perturb the regulation of IMPDH1 by ATP. Therefore we investigated the effect of ATP on IMPDH1 activity. We observed no change in the activity of IMPDH1 or the mutant enzymes in the presence of various concentrations of ATP up to 3.5 mM (4-fold above the reported K s ; results not shown). The ATP concentration was confirmed by a coupled ATPase assay. In addition, ATP has no effect on the ability of IMPDH1 to bind nucleic acid (various concentrations up to 0.77 mM; results not shown), which casts further doubt on the proposal that the subdomain binds ATP. Therefore adRP does not result from a change in regulation of IMPDH1 by ATP. While it is possible that ATP regulation is specific to IMPDH2, we note that researchers in other laboratories have failed to observe this phenomenon [28] . Moreover, an apparent 'stimulation' of IMPDH activity by various nucleotides has previously been traced to the presence of contaminating nucleotidases [29] . Therefore ATP regulation seems likely to result from the incomplete purification of the recombinant protein. In any case, ATP regulation does not provide a functional assay for the adRP pathogenicity of IMPDH1 mutations.
Expression of IMPDH1 in mammalian cells
IMPDH1 was C-terminally tagged with GFP. This fusion protein, H1GFP, was expressed in bacteria, purified and shown to have enzymatic activity indistinguishable from that of the wildtype protein (Table 1) . HeLa cells were transiently transfected with H1GFP, and conditions were established for expression of the tagged protein at similar levels to endogenous IMPDH (Figure 2A ). Both GFP fluorescence and Western analysis demonstrate that similar amounts of wild-type H1GFP and mutant proteins are expressed, which indicates that the mutations do not affect protein stability or turnover. In contrast with another report, no aggregation was observed when R224P and D226N were expressed in HeLa cells [14] . We also did not observe aggregation when these proteins were expressed in HEK-293 cells (results not shown). Therefore protein solubility is unlikely to be the cause of adRP. While it is possible that the GFP tag increases the solubility of the IMPDH1 mutants, we believe that this discrepancy is more readily explained by the overexpression of protein and/or use of a His-tag in the previous work. We investigated the localization of wild-type and mutant IMPDH expressed in HeLa cells by monitoring GFP fluorescence and using Hoechst stain to identify the nucleus ( Figure 2B ). Wild-type H1GFP is found in both the nucleus and cytoplasm. The distribution is similar to that observed with the endogenous enzyme in immunocytology experiments [11] . IMPDH1 does not contain a standard nuclear localization motif, so the signal directing the enzyme to the nucleus is unknown. The nuclear/cytosolic distribution of H1GFP did not change in the presence of the nuclear export inhibitor leptomycin B (results not shown). Deletion of the subdomain also does not affect protein localization, suggesting that this region is not required to direct the protein into the nucleus (results not shown).
The localization of the adRP-linked D226N and non-pathogenic A285T proteins were similar to that of wild-type. In contrast, a larger fraction of the adRP-linked R224P protein was consistently found in the nucleus, while the fraction of nuclear V268I was variable ( Figures 2B and 2C) . However, since the change in cellular localization was not consistent for both adRP-linked mutants, the relevance of these observations to adRP is unclear. Therefore protein localization does not provide a functional assay for adRP pathogenicity.
AdRP-linked mutations decrease affinity for nucleic acid
We have discovered previously that IMPDH binds single-stranded nucleic acids with nanomolar affinity, although the physiological role of this activity is unknown [11] . The subdomain is part of the nucleic-acid-binding site. Therefore we investigated whether the adRP-linked mutations perturbed nucleic acid binding. As reported previously, IMPDH1 binds a random pool of ssDNA oligonucleotides with K s = 6 nM ( Figure 3 and Table 2 ; IMPDH concentrations refer to tetramers). The GFP tag has no effect on ssDNA binding (K s = 7 + − 2 nM). Also, the non-pathogenic mutant A285T has no effect on the affinity for ssDNA. In sharp contrast, the adRP-linked R224P and D226N mutations display significantly decreased affinities for ssDNA, by factors of 7 and 32 respectively. These observations suggest that nucleic acid binding provides a straightforward functional assay for the adRP pathogenicity of IMPDH1 mutations.
The D226N mutation also appears to decrease the specificity of nucleic acid binding. IMPDH1 binds approx. 4 % of the random oligonucleotide pool with high affinity, consistent with our previous observations (Figure 3 ; note that this represents approx. 10 11 sequences) [11] . The non-pathogenic A285T and R224P enzymes also bind approx. 4-7 % of the random pool. In contrast, D226N binds 70 % of the random pool. This change in the specificity of nucleic acid binding could represent a gain-of-function that is often associated with autosomal dominant mutations. However, since this change in specificity is observed in only one of the adRP-linked mutations, its relevance to disease is unclear.
AdRP-linked mutations decrease RNA association in vivo
We previously demonstrated that RNA co-immunoprecipitates with IMPDH [11] . To determine if the adRP-linked mutations perturbed RNA binding in vivo, we expressed GFP-tagged proteins in HeLa cells. H1GFP was isolated by immunoprecipitation with an anti-GFP antibody, and nucleic acid was identified by labelling with polynucleotide kinase and [γ - and 4B). Significantly more nucleic acid was observed in immunoprecipitations from cells expressing H1GFP than in the untransfected cells or cells expressing GFP alone. This immunoprecipitated nucleic acid is degraded by RNase, but not by DNase ( Figure 4B ). Therefore, like endogenous IMPDH, the H1GFP binds RNA in vivo. The bound RNA appears to be heterogeneous and primarily less than 100 nucleotides in length (Figure 4C) . The non-pathogenic A285T mutation had no effect on the immunoprecipitation of RNA ( Figure 4C ). In contrast, much less RNA is present in immunoprecipitations of the adRP-linked R224P and D226N proteins. These results demonstrate that the pathogenic mutations decrease the association of IMPDH1 and RNA in vivo.
V268I is a pathogenic mutation
At present, genetic linkage cannot establish the pathogenicity of the V268I mutation, and this problem is likely to extend to additional mutations of IMPDH1. The above observations indicate that adRP-linked mutations of IMPDH1 cause a defect in nucleic The immunoprecipitates were treated with phosphatase followed by [γ -32 P]ATP and polynucleotide kinase to label nucleic acids. The filter-bound radioactivity is shown relative to untransfected cells (control). The 32 P-labelled immunoprecipitates were treated with either RNase or DNase. Asterisks mark samples significantly different from wild-type (P < 0.02 for both control and RNase). (C) RNA co-immunoprecipitated with GFP, wild-type H1GFP, A285T, R224P, D226N and V268I. Samples were treated as described in (B), with the addition of a proteinase K digestion.
32 P-Labelled co-immunoprecipitated nucleic acid was analysed on a 6 % denaturing polyacrylamide gel with ssDNA of known molecular mass as general markers. ATP denotes a mock labelling reaction in the absence of immunoprecipitate. wt, wild-type.
acid binding that can serve as a functional assay for pathogenicity. By this criterion, the V268I mutation is also likely to be pathogenic. An even larger decrease in ssDNA affinity was observed in the V268I protein than either of the other adRP-linked enzymes (50-fold). The V268I mutation increased the maximum fraction bound to ∼ 50 % of the random pool. This demonstrates that the specificity of nucleic acid binding had also changed ( Figure 3 and Table 2 ). Lastly, only background amounts of RNA are present in immunoprecipitations of the V268I protein, confirming that this mutation disrupts RNA binding in vivo ( Figure 4C ).
Pathological mechanism of IMPDH1-linked adRP
The mechanisms that trigger the apoptotic loss of photoreceptor cells in adRP have not yet been elucidated in detail [30] . Most of the adRP-linked genes encode proteins such as rhodopsin that are expressed exclusively in the retina. These proteins are featured in photoreceptor-specific functions, so it is not surprising that mutations in these genes lead specifically to photoreceptor death. In contrast, IMPDH1 plays an essentially housekeeping role in many tissues, so the photoreceptor-specific effects of these mutations are perplexing. The experiments described above strongly suggest that the adRP-linked mutations of IMPDH1 do not alter protein stability or enzymatic function and thus probably will not perturb the guanine nucleotide pool. Our previous work indicated that IMPDH binds nucleic acids in vitro and in vivo and therefore has an unappreciated role in transcription, posttranscriptional modification, translation, localization and/or some other aspect of RNA metabolism [11] . This unidentified function is mediated by the subdomain [11] . The adRP-linked mutations R224P and D226N lower the affinity of IMPDH1 for singlestranded nucleic acid in vitro and decrease the association with RNA in vivo, suggesting that adRP results from a perturbation in RNA metabolism. While this work was in progress, a third adRP-linked mutation was identified, R231P [31] . This mutation is in close proximity to Arg 224 and Asp 226 , and is thus also likely to perturb nucleic acid binding.
Interestingly, adRP is also linked to four proteins that are involved in pre-mRNA splicing, and other retinopathies are caused by mutations in mitochondrial tRNAs [32] [33] [34] [35] [36] [37] [38] [39] . IMPDH associates with proteins that are involved in transcription regulation, splicing and rRNA processing in yeast [40] [41] [42] [43] . Perhaps photoreceptor cells are uniquely dependent on some aspect of RNA metabolism that is mediated by both IMPDH1 and these other retinopathylinked genes.
Summary
The discovery of each new adRP-linked gene rapidly fuels the identification of additional alleles of unknown pathogenicity. In many instances, this issue cannot be resolved because insufficient samples exist to determine the co-segregation of the mutation with disease. In the case of IMPDH1, the inability to predict a functional consequence for the V268I mutation further frustrated the assignment of pathogenicity. Our experiments identify a defect in nucleic acid binding as a common functional phenotype for the adRP-linked mutations of IMPDH1. The V268I mutation also disrupts nucleic acid binding, which suggests strongly that this mutation causes disease. While this work was in progress, five more potentially disease-causing mutations of IMPDH1 were identified: T116M, G324D, H372P, R105W and N198K (S. J. Bowne, L. S. Sullivan and S. P. Daiger, personal communication), some of which are also located within the catalytic domainsubdomain interface. We propose that nucleic acid binding can provide a functional assay to establish the pathogenicity of these new alleles.
